Sugarbeet is a major source of refined sucrose and increasingly grown for biofuel production. Demand for higher productivity for this crop requires greater knowledge of sugarbeet physiology, pathology, and genetics, which can be advanced by the development of new genomic resources. Towards this end, a sugarbeet transcriptome of expressed genes from leaf and root tissues at varying stages of development and production, and after elicitation with jasmonic acid (JA) or salicylic acid (SA), was constructed and used to generate simple sequence repeat (SSR) markers. The transcriptome was generated via paired-end RNA sequencing and contains 82,404 unigenes. A total of 37,207 unigenes were annotated, of which 9480 were functionally classified using clusters of orthologous groups (COG) annotations, 17,191 were classified into biological process, molecular function, or cellular component using gene ontology (GO) terms, and 17,409 were assigned to 126 metabolic pathways using Kyoto Encyclopedia of Genes and Genomes (KEGG) identifiers. A SSR search of the transcriptome identified 7680 SSRs, including 6577 perfect SSRs, of which 3834 were located in unigenes with ungapped sequence. Primer-pairs were designed for 288 SSR loci, and 72 of these primer-pairs were tested for their ability to detect polymorphisms. Forty-three primer-pairs detected single polymorphic loci and effectively distinguished diversity among eight B. vulgaris genotypes. The transcriptome and SSR markers provide additional, public domain genomic resources for an important crop plant and can be used to increase understanding of the functional elements of the sugarbeet genome, aid in discovery of novel genes, facilitate RNA-sequencing based expression research, and provide new tools for sugarbeet genetic research and selective breeding.
S
ugarbeet (Beta vulgaris L.) is an herbaceous dicotyledon and member of the Amaranthaceae family. Grown primarily for the production of refined sucrose, sugarbeet provides approximately 22% of the world's sugar (Südzucker, 2013) . It is also the source of two highenergy animal feeds (beet molasses and beet pulp), and is increasingly grown for biofuel production (Harland et al., 2006; Panella, 2010) . Sugarbeet is grown in 42 countries on five continents, with Europe and North America producing more than 60% of the crop. Other economically important members of the species include table beet, chard, and fodder beet.
Sugarbeet production is challenged by an array of abiotic and biotic stresses that reduce biomass and sucrose content. Insufficient water, excessively hot or cold temperatures, and saline soils prevent the crop from reaching its full genetic potential and can reduce yield by as much as 50% (Boyer, 1982; Ober and Rajabi, 2010) . Insects, including the sugarbeet root maggot (Tetanops myopaeformis von Röder) and root aphid (Pemphigus betae Doane), nematodes (Heterodera schachtii Schmidt), and fungal and viral diseases including Aphanomyces root rot (causal agent, Aphanomyces cochlioides Drechsl.), Cercospora leaf spot (causal agent, Cercospora beticola Sacc.), Fusarium yellows (causal agent, Fusarium oxysporum Schlect. f. sp. betae Snyd. & Hans.), Rhizoctonia root and crown rot (causal agent, Rhizoctonia solani Kühn), and rhizomania (causal agent, Beet necrotic yellow vein virus), significantly reduce root yield and sucrose content and can devastate individual fields (Harveson et al., 2009) . Improvements in biomass production, sucrose content, nitrogen use efficiency, storage properties, and processing characteristics would also increase the efficiency of sugarbeet and sucrose production, reduce crop inputs, and minimize the environmental impacts of production. To address these challenges and goals, a better understanding of sugarbeet physiology, pathology, and genetics is essential.
Genomic resources are invaluable for advancing our understanding of plant biology and plant pathology and for improving crop germplasm. Genomic resources provide a wealth of information about genes and their expression and have been used extensively to provide insight into plant interactions with pathogens, insects, and the environment. They also have been widely used for the development of molecular markers that are used to assist selective breeding efforts. A variety of genomic resources are presently available for sugarbeet. DNAbased markers, including randomly amplified polymorphic DNAs (Barzen et al., 1995; Uphoff and Wricke, 1995) , amplified fragment length polymorphisms (Schondelmaier et al., 1996; McGrath et al., 2007) , single nucleotide polymorphisms (Schneider et al., 2007) , and SSRs Smulders et al., 2010) , have been developed and used to construct genetic maps of the nine chromosomes of sugarbeet. As of September 2013, 64,388 partial or complete sugarbeet nucleotide sequences, of which 30,313 are expressed sequence tags (ESTs), were available in the National Center for Biotechnology Information's (NCBI) GenBank. In 2013, an unannotated draft of the sugarbeet genome was made available, with restricted use (Dohm et al., 2012) . A sugarbeet transcriptome of expressed sequences has also been reported. While this transcriptome is a valuable resource, its usefulness is limited by the use of only apical shoot tissue for its construction (Mutasa-Gottgens et al., 2012) .
Here, we describe the generation and characterization of a sugarbeet transcriptome that contains genes expressed in leaf and root tissue during early and late development, root tissue after postharvest storage, and root tissue after elicitation with JA or SA. The RNA extracted from both leaf and root tissue at different stages of development and production were used to maximize the diversity of the transcripts in the generated database. Jasmonic acid-and SA-elicited tissues were also included to increase the expression of defense-related and stress-related transcripts since both JA and SA have central roles in the induction of plant defense responses to a wide variety of biotic and abiotic challenges (Vlot et al., 2009; Hayat et al., 2010; Ballaré, 2011; Wasternack and Hause, 2013) . This transcriptome provides an additional genomic resource for sugarbeet that will assist in understanding the functional elements of the sugarbeet genome, aid in the discovery of novel genes, and facilitate RNA-sequencing-based expression studies. In addition, 7680 transcript-based SSR markers were identified using the information contained in the transcriptome and primer sets were designed for 288 of these markers. From these 288 markers, 72 markers were validated and 43 polymorphic transcript-based SSR markers were used to assess diversity among eight B. vulgaris accessions to demonstrate their effectiveness. These markers add to the genomic and EST-based SSR markers currently available, and provide additional tools for assessing genetic diversity of Beta species and for molecular breeding. The transcriptome and SSR markers are made available with no restrictions on their use.
Materials and Methods

Plant Material
Sugarbeet 'VDH66156' was grown in a greenhouse as previously described for up to 16 wk . Roots receiving a JA treatment, a SA treatment, or placed into postharvest storage were washed to remove adhering potting media. Jasmonic acid and SA treatments were administered on the day of harvest by submerging harvested roots for 1 h at room temperature in aqueous solutions of 10 µM JA or 1 mM SA. Postharvest storage incubations were performed in a controlled environment chamber (Conviron, model MTR30, Winnipeg, MB, Canada) at 20°C and 90% relative humidity, in the dark. Tissue samples to be used for RNA isolations were collected of young, newly developed leaf tissue with lamina lengths <5 cm, fully expanded leaf tissue, root tissue 5 wk after planting, root tissue 16 wk after planting, root tissue after 60 d postharvest storage, root tissue 2 d after JA treatment, and root tissue 2 d after SA treatment. Leaf tissue was collected from plants 6 to 10 wk after planting. Fully expanded leaf tissue was collected without regard to leaf order on the plant. All tissue samples were pooled samples collected from a minimum of four plants. Samples were flash frozen in liquid nitrogen, lyophilized, and stored at -80°C before use.
Eight B. vulgaris lines of diverse backgrounds were greenhouse grown for validating SSR loci. Accessions included wild B. vulgaris subsp. maritima annuals from France (PI 540605) and Greece (PI 546420), H-537 (a sugarbeet ´ fodder beet cross), F1010 (PI 535818), Y-322 (PI 583780), F1024 (PI 658654), FC221 (PI 651016), and L-19 (PI 590690) (Doney and Theurer, 1984; Germplasm Resources Information Network, 2013) . Young leaf tissue from each accession was collected for DNA extraction. Tissue was flash frozen in liquid nitrogen immediately after collection and stored at -80°C before use.
RNA and DNA Isolation
Total RNA was extracted from 20 mg lyophilized tissue using a RNeasy Plant Mini Kit (Qiagen, Valencia, CA) with an on-column DNase digestion according to the manufacturers' instructions. The RNA was quantified spectroscopically (NanoDrop ND-1000, Thermo Scientific, Wilmington, DE) and its quality was confirmed with an Agilent Technologies (Palo Alto, CA) 2100 Bioanalyzer. Genomic DNA was isolated using a DNeasy Plant Mini Kit (Qiagen) according to the manufacturer's instructions. The DNA was quantified spectroscopically (NanoDrop ND-1000, Thermo Scientific), and DNA quality was assessed by the ratio of absorbances at 230, 260, and 280 nm and by gel electrophoresis.
RNA Sequencing
Equal quantities (5 µg) of RNA from each of the seven tissues were pooled for RNA sequencing. Oligo(dT) beads were used to isolate mRNA from total RNA. The mRNA was fragmented using heat and divalent cations, and the fragments were used for cDNA first strand synthesis using random hexamer primers and reverse transcriptase. The RNA was degraded with RNase H and second-strand cDNA was synthesized with DNA Polymerase I. The cDNA fragments were purified using a QiaQuick PCR extraction kit (Qiagen), and ends were repaired with T4 DNA polymerase and Klenow DNA polymerase, 3¢ end adenylated, and ligated to sequencing adapters. Adaptor-ligated cDNAs were subjected to agarose gel electrophoresis, size selected, and amplified by PCR. Amplified products were pair-end sequenced by BGI Americas (Cambridge, MA) using an Illumina HiSeq 2000 (San Diego, CA) system. Sequence data were deposited in the NCBI Sequence Read Archive under accession number PRJNA219421.
Sequence Assembly, Annotation, and Classification
Raw sequence data were cleaned to remove reads with adapters, reads with >10% unknown nucleotides, and low quality reads. Transcriptome assembly from clean reads to contigs, scaffolds, and unigenes was performed using SOAPdenovo assembly software . Unigenes were aligned with the protein databases nr (nonredundant protein), Swiss-Prot, KEGG, and COG using BLASTx (E-value < 10 -5 ) to obtain sequence direction and gene, function, and pathway annotations. Alignments were made using the databases as they existed in October 2011. Where differences were noted between database alignments, a priority order of nr, Swiss-Prot, KEGG, and COG was followed. Unaligned unigenes were scanned using ESTScan ver. 2.1 to assist with the assignment of sequence direction (Iseli et al., 1999) . Gene ontology annotation was obtained using nr annotations and the BLAST2GO program (Conesa et al., 2005) . Functional classification of unigenes and determination of distribution of gene functions was performed using GO annotations and WEGO software (Ye et al., 2006) .
SSR Loci Discovery and Primer Design
Detection of perfect SSRs was performed with SSRLocator (da Maia et al., 2008) identifying motifs with at least six dimer repeats, trimers with a minimum of four repeats, and at least three repeats for tetra-, penta-and hexa-mers. Primer design was performed using Primer3 (Rozen and Skaletsky, 2000) and WebSat (Martins et al., 2009 ) to visually verify the location of the designed primer and avoid multiple amplification of sequence repeats in the same PCR product.
PCR and SSR Genotyping and Diversity Analysis
The PCR and genotyping was conducted according to Zhu et al. (2012) . Briefly, SSR forward primers were appended at the 5¢ end with the M13 sequence (5¢-CAC-GACGTTGTAAAACGAC-3¢) to allow indirect labeling of reactions. Reverse primers were appended with the sequence GTTTCTT (PIG) at the 5¢ end to promote nontemplated (A) addition and to facilitate subsequent genotyping. The M13 universal primer was labeled with carboxyfluorescein fluorescent tag. SSR allele genotyping was conducted using a carboxy-X-rhodamine standard (GeneFlo-625 ROX; CHIMERx, Milwaukee, WI) in an ABI 3730 fluorescent sequencer (POP-6 and a 50-cm array; Applied Biosystems, Foster City, CA). Alleles were scored using GeneMarker Software v. 1.91 (SoftGenetics, State College, PA). Genetic diversity of the eight beet genotypes using SSR loci was evaluated using GenAlEx 6.4 (Peakall and Smouse, 2006) . A principal coordinates analysis plot (PCoA) and unweighted pair group method with arithmetic mean (UPGMA) tree were constructed based on genetic distances estimated between pairs of individuals as computed by GenAlEx 6.4 and MEGA 5.0 (Peakall and Smouse, 2006; Tamura et al., 2011) .
Results and Discussion
Transcriptome Generation and Assembly
Illumina paired-end sequencing is increasingly used to generate organismal or tissue-specific transcriptomes Garg et al., 2011; Wei et al., 2011; Tao et al., 2012) and was used to generate a leaf and root transcriptome for sugarbeet. The sugarbeet transcriptome was generated from RNA isolated from leaf and root tissue at different stages of development, and root tissue after storage, elicitation with JA, or elicitation with SA. Illumina sequencing generated 80,295,612 clean reads comprising 7226,605,080 nucleotides. Greater than 96% of sequenced bases had quality scores ³ 20, indicating a sequencing error rate less than or equal to 1% for these bases. Within clean reads, only 0.01% of bases were unsequenced. The GC content of the generated sequence was 44.5%. This compares well with the 44.0 and 44.1% GC contents that were reported for coding regions of sequenced B. vulgaris bacterial artificial chromosome (BAC) clones isolated from two independently created BAC libraries (Dohm et al., 2009 ).
Clean reads were assembled into 730,022 contigs containing 91,543,225 nucleotides using the SOAPdenovo software program . Median and mean contig lengths were 92 and 125 nucleotides, respectively, with the length distribution of contigs shown in Fig. 1A . Contigs were then assembled into 165,266 scaffolds containing 44,317,682 nucleotides. Median and mean scaffold lengths were 313 and 268 nucleotides, respectively, with the length distribution of scaffolds shown in Fig.  1B . Greater than 80.6% of scaffolds contained no gaps. Paired-end reads were used to fill gaps where possible and generate unigenes that contained the smallest number of unassigned nucleotides and which could not be further extended at either the 5¢ or 3¢ end. A total of 82,404 unigenes containing 32,889,791 nucleotides were assembled. Unigenes ranged in size from 200 to 4497 nucleotides, with median and mean unigene lengths of 424 and 399 nucleotides, respectively. Overall, 65,962 unigenes (80.05%) were 200 to 500 nucleotides long, 13,066 unigenes (15.86%) were 500 to 1000 nucleotides long, 2326 unigenes (2.82%) were 1000 to 1500 nucleotides long, 712 unigenes (0.86%) were 1500 to 2000 nucleotides long, and 338 unigenes (0.41%) were >2000 nucleotides long (Fig. 1C) . Greater than 83.4% of unigenes contained no gaps. An additional 6.0% of the unigenes contained gaps less than or equal to 5% of their length. Sugarbeet transcriptome unigene sequences were deposited in figshare repository and are publically available (Fugate, 2013) .
Unigene Annotation and Expression
A BLASTx sequence similarity search against entries contained in the NCBI nr, Swiss-Prot, KEGG, and COG protein databases, using a threshold E value of 10 -5 , led to the annotation of 37,207 unigenes or 45.2% of the unigenes of the transcriptome. Unigenes varied widely in their expression within the transcriptome. To Figure 1 . Length distribution of assembled contigs, scaffolds, and unigenes. (A) Number of contigs , (B) scaffolds, and (C) unigenes as a function of size. Contigs, scaffolds, and unigenes were assembled from raw sequence data after reads with adapters, reads with >10% unknown nucleotides, and low quality reads were removed.
describe expression levels, the number of raw reads for each unigene was converted to reads per kilobase per million reads (RPKM) to eliminate the influence of gene length and sequencing discrepancies on the calculation of gene expression (Mortazavi et al., 2008 ). The expression level definitions of Verma et al. (2013) were applied for very low expression (RPKM < 3), low expression (RPKM 3-10), moderate expression (RPKM 10-50), high expression (RPKM 50-100), and very high expression (RPKM > 100). Sugarbeet unigenes had RPKM values of <1 to 2942, with 14,457 unigenes (17.5%) exhibiting very low expression, 25,450 unigenes (30.9%) exhibiting low expression, 28,445 unigenes (34.5%) moderately expressed, 9021 unigenes (10.9%) exhibiting high expression, and 5031 unigenes (6.1%) with very high expression. Unigene annotations and expression levels are available (Supplemental Table S1 ).
Unigene Functional Classification
A similarity search of unigenes to the COG database led to the assignment of 9480 unigenes to COGs which were grouped into 24 functional classifications (Fig. 2) . The greatest number of unigenes (2450; 25.6% of classified unigenes) were classified as "general function prediction only," a classification that generally denotes biochemical activity (Tatusov et al., 2001) . A large number of unigenes were also classified to the functional group, replication, recombination, and repair (1665, 17.6%) and transcription (1273, 13.4%). The predominance of unigene assignment to these three functional classifications is typical in plants Wei et al., 2011; Liu et al., 2013) . Of particular interest for sugarbeet were the 858 unigenes (9.1%) classified for their putative involvement in carbohydrate transport and metabolism since sucrose production and transport are of critical importance for the crop. Also of interest were the 316 unigenes (3.3%) classified for their potential contribution to defense mechanisms since JA and SA-elicited root tissues were included as transcriptome source material to enhance generation of defense-related unigenes.
Using nr annotations and BLAST2GO software (Conesa et al., 2005) , 17,191 unigenes were assigned GO terms and categorized using WEGO software (Ye et al., 2006) into the biological process, molecular function, or cellular component to which they putatively contribute (Fig. 3) . Among biological processes, the greatest number of unigenes were functionally assigned to metabolic processes (7150 unigenes; 41.6% of GO annotated unigenes) and cellular processes (6863 unigenes; 39.9%), two functional classes that include unigenes involved in metabolism at the organismal or cellular level, respectively. Other biological process classifications containing >10% of GO annotated unigenes include the response to stimulus class (2225 unigenes, 12.9%) and localization class (1852 unigenes, 10.8%). The response to stimulus classification includes genes that function in the detection of and response to internal and external stimuli; the localization class includes genes participating in the transport, movement, sequestration, or retrieval of substances or cellular components. Also of interest were 85 unigenes (0.49%) assigned to immune system processes. Immune system processes include genes involved in defense responses as well as symbiotic and mutalistic processes. Among molecular functions, >10% of GO annotated unigenes were putatively categorized as having catalytic activity (8264 unigenes; 48.1%) or binding (7764 unigenes; 45.2%) functions. Cellular component classifications assigned putative locations to unigene gene products. A large number of unigenes were unsurprisingly assigned to the cell (11,668 unigenes; 67.9%) or cell part (10,581 unigenes; 61.5%). A total of 8556 unigenes (49.8%) putatively produce gene products localized to organelles.
BLASTx alignment of unigenes to the KEGG protein database led to the annotation of 17,409 unigenes with KEGG identifiers and the assignment of these unigenes to 126 KEGG pathways (Table 1) . Of the KEGG-annotated unigenes, 4020 unigenes (23.1%) were functionally assigned to metabolic pathways, 2131 unigenes (12.2%) were assigned to the biosynthesis of secondary metabolites, and 1253 unigenes (7.2%) were assigned roles in Figure 3 . Distribution of unigenes based on gene ontology (GO) classification. The GO terms were assigned to 17,191 unigenes. These unigenes were categorized by biological process, cellular location, or molecular process to which they putatively contribute. plant-pathogen interactions. Since sucrose synthesis and metabolism is of critical importance for sugarbeet, the large number of unigenes putatively involved in primary carbon metabolism is of interest. Four-hundred-fifty unigenes (2.9%) were assigned functions in starch and sucrose metabolism, 219 unigenes (1.3%) were assigned to glycolysis and gluconeogenesis, 103 unigenes (0.6%) were assigned functions in carbon fixation, 88 unigenes (0.5%) were assigned to the tricarboxylic acid cycle, 85 unigenes (0.5%) putatively produce proteins involved in photosynthesis, and 8 unigenes (0.05%) encode photosynthetic antenna proteins. Differences in unigene assignments were evident between GO and KEGG classifications. In categorizing unigenes based on GO annotations, 3 (0.02%), 13 (0.08%), and 4 (0.02%) unigenes were assigned roles in nitrogen utilization, pigmentation, and rhythmic processes, respectively (Fig. 3) . When unigenes were assigned to pathways using KEGG identifiers (Table 1) , 63 unigenes (0.4%) were assigned to nitrogen metabolism, 119 unigenes (0.7%) were assigned roles in carotenoid, anthocyanin, or betalain biosynthesis, and 128 unigenes (0.7%) were assigned roles in plant circadian rhythm.
SSR Identification and Characterization
A screen of the 82,404 sugarbeet unigene sequences using SSRLocator (da Maia et al., 2008) yielded 7680 putative SSRs in 6546 unigenes including 6577 perfect SSRs (Table 2) . Of the 6546 unigenes containing putative SSRs, 3589 unigenes contained ungapped sequence close to the repeated motif yielding 3834 perfect SSRs to be used for downstream applications. Among these, the most frequent SSR motifs were trinucleotides, followed by dinucleotides and tetranucleotides (Fig. 4) . Dinucleotides, trinucleotides, and tetranucleotides accounted for 22, 67, and 5% of the total repeat motifs, respectively. The most frequent dinucleotide, trinucleotide, and tetranucleotide motifs were AG, CTT, and AAAT, which accounted for 8, 5, and 0.003%, respectively, of the total motifs. The unigenes containing the 3834 SSR sequences were screened for suitable flanking sites for PCR primers using WebSat (Martins et al., 2009 ) and primers were designed using Primer3 (Rozen and Skaletsky, 2000) . A total of 288 unigenes contained suitable flanking sites and high quality SSR motifs for primer design with 97% of these containing dinucleotide (18%) and trinucleotide (79%) motifs (Supplemental Table S2 ). For validation purposes, 72 SSR primer-pairs were used to amplify DNA from eight diverse B. vulgaris genotypes (Table 3) . Sixty-four primer-pairs (89%) produced amplification products in the eight genotypes, while 13 primer-pairs (18%) showed monomorphic allelic patterns and seven primers (10%) produced allelic patterns not consistent with single locus segregation in a diploid species. The remaining 43 primers (60%) produced a maximum of two fragments of the expected size lengths per individual (Table 4 ) and were subsequently considered single polymorphic loci. The sequences of the 43 polymorphic SSR loci were submitted to GenBank and accession numbers were assigned to them (Supplemental Table  S3 ). Out of these 43 SSR loci, 20 had a hit using the NCBI nr database (Table 5 ). The 43 polymorphic SSR primerpairs were used to describe the genetic diversity of eight sampled B. vulgaris accessions (Table 3) , and detected 199 alleles in eight individual plants (Table 4 ). The number of different alleles for each primer-pair ranged from two to eight, with an average of 4.65 alleles per locus. The effective number of alleles ranged from 1.49 to 6.40, with an average of 3.09 per locus. Shannon's Information Index for each primer-pair ranged from 0.56 to 1.91, with an average of 1.23. Based on the 43 SSR loci data, PCoA and an UPGMA tree clearly separated all of the Beta genotypes in the study (Fig. 5) .
The 6577 perfect SSRs identified in the sugarbeet transcriptome and the 288 SSRs for which primers were designed (Supplemental Table S2 ) provide additional molecular tools for sugarbeet genetic research and selective breeding. Simple sequence repeats have proven to be effective markers for assessing genetic diversity, genetic mapping, examining population genetics, conducting comparative genomics studies, and for linkage mapping and association analysis, since SSR markers are codominant, hypervariable, abundant, relatively evenly Table 2 . Distribution of microsatellite repeat motifs in 82,404 sugarbeet transcriptome unigenes. The SSR loci were identified using SSRLocator software program and grouped based on the number of nucleotides that were repeated (motif type) and the number of times this motif type was repeated. Parentheses contain the percentage of SSRs within a motif type and repeat number that were located in unigenes with ungapped sequences. distributed across genomes, and transferrable across related species (Varshney et al., 2005; Zalapa et al., 2012) . As transcript-based SSRs, the markers identified and characterized in this research are especially useful since they are more evolutionarily conserved and more likely to be associated with functional genes and genotype than SSRs developed from the genome . The SSR markers reported in this study add to the four genomic SSR markers developed by Mörchen et al. (1996) , 57 genomic, restricted-use SSRs developed by Rae et al. (2000) , 11 genome-based SSR markers developed from sea beet (B. vulgaris spp. maritima; Cureton et al., 2002; Viard et al., 2002) , eight genomic SSR markers developed by Richards et al. (2004) , 23 newly reported SSR markers used for mapping purposes by McGrath et al. (2007) , 25 genomic SSR markers developed by Smulders et al. (2010) , 13 EST-based SSR markers reported in Simko et al. (2012) , and the 242 genomic SSRs and 773 EST-based SSRs reported by Laurent et al. (2007) , of which 41 genomic SSR marker primer pairs were published.
Conclusions
RNA sequencing was used to generate a sugarbeet transcriptome that contained genes expressed in immature and mature leaves, early and late season roots, roots after postharvest storage, and roots after elicitation with JA or SA. The transcriptome contains 82,404 unigenes, of which 37,207 (45.2%) were annotated. Of the annotated unigenes, 9480 unigenes (25.5%) were functionally classified using Cluster of Orthologous annotations, 17,191 unigenes (46.2%) were classified into the biological process, molecular function, or cellular component to which they putatively contribute using GO terms, and 17,409 unigenes (46.8%) were assigned to 126 metabolic or functional pathways using Kyoto Encyclopedia of Genes and Genomes identifiers. A SSR search of the reference Table 3 . Beta vulgaris accessions used to validate 72 transcriptome microsatellite loci. Accessions are identified by the common name assigned to a line by the breeder responsible for its development, or for collected germplasm, the plant introduction (PI) number assigned by the National Plant Germplasm System (NPGS). The PI numbers are listed for accessions submitted to NPGS. Entries are listed in approximate order of decreasing within-entry diversity. Table 4 . Primer sequence and diversity characteristics of 43 polymorphic sugarbeet transcriptome microsatellite markers. Markers were tested in eight diverse accessions that are described in transcriptome identified 7680 SSRs, including 6577 perfect SSRs, of which 3834 were located in unigenes with ungapped sequence. Primer-pairs were designed for 288 selected SSR loci, and 72 of these primer-pairs were tested for their ability to detect polymorphisms, of which 43 primer-pairs (60%) detected single polymorphic loci and were effective in distinguishing diversity among a set of eight diverse B. vulgaris genotypes. The transcriptome and SSR markers described here provide additional public domain genomic resources for an important crop plant and will further our understanding of the functional elements of the sugarbeet genome, aid in the discovery of novel genes, facilitate RNA-sequencing-based expression research, and provide new tools for sugarbeet genetic research and selective breeding.
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